Based on a data sample of (448.1±2.9)×10 6 ψ(3686) decays collected with the BESIII experiment, a search for the flavor changing neutral current transition ψ(3686) → Λ + c pe + e − + c.c. is performed for the first time. No signal candidates are observed and the upper limit on the branching fraction of ψ(3686) → Λ + c pe + e − is determined to be 1.7 × 10 −6 at the 90% confidence level. The result is consistent with expectations from the Standard Model, and no evidence for new physics is found.
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I. INTRODUCTION
Flavor changing neutral current (FCNC) transitions of heavy quarkonium are of great interest since they can provide indications for physics beyond the Standard Model (SM). In the framework of the SM, FCNC transitions are strongly suppressed by the Glashow, Iliopoulos and Maiani (GIM) mechanism [1] . The charm changing neutral current (CCNC) decay of a charmonium state via a charm quark transition is only possible at the loop level. Furthermore, long-distance hadronic effects can contribute at the same level as the short-distance loop processes [2] . The SM predictions of branching fractions (BFs) for FCNC decays range from 10 −10 to 10 −14 [3, 4] . However, some new physics models such as the Topcolor model [5] , the minimal supersymmetric SM with R-parity violation [6] and the two Higgs doublet model [7] predict the BFs of the same FCNC decays to be two to three orders of magnitude larger. Any observation of a FCNC decay of charmonium states with the current experimental sensitivity would be would be clear evidence for physics beyond the SM [8, 9] .
The Feynman diagram of the decay ψ(3686) → Λ + c pe + e − at loop level is shown in Fig. 1 . In this paper we present a search for the rare decay of ψ(3686) → Λ + c pe + e − using a sample of (448.1 ± 2.9) × 10 6 ψ(3686) events [10] collected by the BESIII detector. Charged conjugation is implied throughout the paper. 
II. BESIII DETECTOR AND MONTE CARLO SIMULATION
The is achieved. The BESIII detector has a geometrical acceptance of 93% of the solid angle. The main drift chamber (MDC) provides momentum measurements of charged tracks with a precision of 0.5% at 1 GeV/c and measurements of the energy loss (dE/dx) with a precision of 6%. The time-of-flight (TOF) system consists of plastic scintillators and provides a measurement of the flight time with a resolution of 80 and 110 ps for the barrel and end-cap parts of the detector, respectively. The combined information from dE/dx and TOF is used to identify particle species of charged tracks. The electromagnetic calorimeter (EMC) is used to measure the energy of photons with a resolution of 2.5% and 5.0% at 1 GeV for the barrel and end-cap parts, respectively. The muon counter (MUC) system consists of resistive plate chambers and measures the position of muon tracks with a precision better than 2 cm. Further information on the detector can be found in Ref. [11] . Monte Carlo (MC) simulation is used to optimize selection criteria, determine the reconstruction efficiency and estimate the possible backgrounds. The e + e − collision and the production of the charmonium resonance are simulated using kkmc [12] and the subsequent particle decays using evtgen [13] for the known decay modes. The remaining unknown decay modes are simulated using the lundcharm model [14] . The simulation of the particle interactions with the detector is based on geant4 [15] . An 'inclusive' MC sample of 506 × 10 6 generic ψ(3686) decays is used to study possible backgrounds. An exclusive signal MC sample ψ(3686) → Λ + c pe + e − is generated to determine the reconstruction efficiency. The signal MC sample is generated using a vector meson dominance (VMD) model [16] [17] [18] , where the e + e − pair in the final state is produced from a virtual photon decay. The VMD model is also implemented in Refs. [19, 20] . Due to the lack of data, the corresponding form factor of [21] , where the form factor with four-momentum transfer squared (Q 2 ) dependence is denoted by the hidden gauge model as described in Ref. [18] . In the VMD model, the width of vector meson is introduced to eliminate the singularities of the mass of the vector meson. The decay Λ + c → pK − π + is simulated using the model described in Ref. [22] , in which interference between the non-resonant and resonant contributions is included.
III. EVENT SELECTION A. Charged track selection
The decay ψ(3686) → Λ
is reconstructed with six charged tracks with zero net charge. Each charged track is required to be within the acceptance of the MDC (polar angle | cos θ| < 0.93). Furthermore, we require that the point of closest approach is separated from the interaction point by less than 10 cm along and 1 cm perpendicular to the beam direction. For each track candidate, confidence levels for different particle hypotheses (proton, kaon, pion and electron) are calculated using dE/dx and TOF information. The charged tracks are assigned the particle type corresponding to the highest confidence level. No additional charged tracks are allowed besides the six candidate tracks.
B. Kinematic fit
A vertex fit is applied to the selected track candidates and is required to converge. The four momenta of the tracks are updated according to the fitted values. Furthermore, a four-constraint (4C) kinematic fit imposing energy-momentum conservation under the hypothesis of ψ(3686) → ppK − π + e + e − is applied to improve the mass resolution and suppress background. The χ 2 of the 4C kinematic fit is required to be less than 200.
C. Further background suppression
The possible background contamination from other ψ(3686) decays is studied with the inclusive MC sample. There are only 29 simulated events that survive the above selection criteria. These are dominated by the processes ψ(3686) → γχ cJ , χ cJ → pK − Λ and ψ(3686) → ΛK * − p, K * − → K − π 0 , where the selected e + e − pair is from γ conversion (through interactions with the detector material) or from π 0 Dalitz decays. The above background processes contain the intermediate state Λ, and are rejected by requiring the invariant mass of pπ + (M pπ + ) to be greater than 1.13 GeV/c 2 . The possible backgrounds from the continuum QED and two-photon processes are examined using a data sample of 2.93 fb −1 collected at √ s = 3.773 GeV [23] . No events with the invariant mass of pK − π + (M pK − π + ) ranging between 2.0 and 2.4 GeV/c 2 survive. It is therefore concluded that the backgrounds from the QED and two-photon processeses are negligible.
IV. SYSTEMATIC UNCERTAINTY
In the measurement of the BF of the decay ψ(3686) → Λ + c pe + e − , systematic uncertainties arise from the following sources:
(I) The total number of ψ(3686) events is determined by a measurement of inclusive hadronic final states [24] with an uncertainty of 0.6%.
(II) The difference between data and MC simulation in efficiencies of track reconstruction and particle identification (PID) are estimated using the control samples of ψ(3686) → π + π − J/ψ with J/ψ → e + e − and J/ψ → pK − Λ + c.c.. The systematic uncertainties are estimated to be less than 1.0% per track for track reconstruction and PID, individually [25] . Due to the low momentum of leptons, we further use the radiative Bhabha scattering events (e + e − → γe + e − ) to study the systematic uncertainties for the leptons. The lepton tracks with momentum lower than 300 MeV/c are selected as the control sample. The difference in efficiencies between the data and MC sample generated at √ s = 3.097 GeV is assigned as the systematic uncertainty. The systematic uncertainties of efficiency for the lepton tracking and PID are estimated to be less than 2.5%, individually.
(III) The difference between data and MC simulation due to the 4C kinematic fit is estimated using the control sample of ψ(3686) → π + π − J/ψ, J/ψ → ppπ + π − . An agreement better than 1.0% is found and we assign 1.0% as the systematic uncertainty.
(IV) The BF of Λ + c → pK − π + is an external input parameter and quoted from Ref. [26] to be (6.35 ± 0.33)%. The relative uncertainty of 5.2% is taken as the systematic uncertainty.
(V) The signal is examined in the M pK − π + distribution ranging from 2.25 to 2.32 GeV/c 2 . An alternative signal region ranging from 2.27 to 2.30 GeV/c 2 is also used to examine the signal and the corresponding change of signal efficiency, 4.0%, is assigned as the systematic uncertainty.
(VI) The systematic uncertainty due to the requirement on the M pπ + distribution is studied using a control sample of e + e − → Λ decaying into pK − π + at √ s = 4.6 GeV with an integrated luminosity of 567 pb −1 [27] . By applying the same M pπ + selection requirement, we calculate the corresponding efficiency as the ratio of the events with and without the selection requirement. The efficiency difference between data and MC simulation, 1.0%, is assigned as the systematic uncertainty.
(VII) We study the influence of the physics model of the decay ψ(3686) → Λ + c pe + e − by changing the decay model to an extreme model and a phase space model. In the extreme model, we assume an additional intermediate decay of ψ(3686) → Xp, where the polar angle distribution of p follows 1 + cos 2 θ and X decays to Λ + c e + e − according to a VMD model. The difference in the signal detection efficiency is 34.3% which is mainly due to the different geometrical acceptance for the events and the difficulty in finding low momentum leptons with respect to the nominal physics model. In the phase space model, we assume a uniform phase space distribution for signal, and the resulting difference in efficiency with respect to the nominal value is found to be 8.3%. We assign 34.3% as the systematic uncertainty.
A summary of all systematic uncertainties is given in Table I . The total uncertainty is 37.2%, which is the quadrature sum of the individual values. 
V. RESULT
The number of signal events is determined by examining the Λ + c signal in the M pK − π + distribution, which is shown in Fig. 2 The estimated number of background events is 1.5, assuming a uniform distribution of background in the M pK − π + distribution. We also estimate the number of background events to be zero using the inclusive MC sample and the data sample with √ s = 3.773 GeV. As no candidate events are found in the signal region, the estimated number of background events is determined to be 0 ± 1.5 events. Using the Rolke method [28, 29] , an upper limit N up of 47.3 produced events at the 90% confidence level (C.L.) is obtained. This upper limit takes into account the number of background events, the systematic uncertainty, and the detection efficiency (7.21%). The number of signal events is assumed to follow a Poisson distribution, and the signal detection efficiency and the number of background events are assumed to follow Gaussian distributions with widths given by the corresponding uncertainties. The upper limit on the BF (B) of the decay ψ(3686) → Λ + c pe + e − + c.c. is calculated to be 1.7 × 10 −6 using the following formula:
where N ψ(3686) is the number of ψ(3686) decays and BF(Λ + c → pK − π + ) is the BF of the decay Λ + c → pK − π + [26] .
VI. SUMMARY
The search for the FCNC decay ψ(3686) → Λ + c pe + e − + c.c. is performed for the first time using a sample of (448.1 ± 2.9) × 10 6 ψ(3686) decays. No signal events are observed and the upper limit on the BF at the 90% C.L. is determined to be 1.7 × 10 −6 . The result is within the expectations of the SM, and no evidence for new physics is found.
